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intriguing for the new information it
provides about the role of miR-155 in
B lymphocytes. In addition, the work
is also intriguing because the defects
in B cells lacking miR-155, although
currently not fully clarified at either
the functional or molecular level, are
quite unusual. Thus, the phenotype
of miR-155-deficient B cells might
ultimately provide new insights into
regulation of poorly understood steps
in B cell differentiation, including se-
lection of high-affinity clones during
the germinal-center reaction, memory
cell formation, and putative differ-
ences in homeostasis of plasma cell
clones expressing B cell receptors of
different isotypes. In addition, it is im-
portant to remember that miR-155 is
also involved in B cell malignancies.
Hopefully, further mechanistic studies
in miR-155-deficient B cells will also
provide novel insights into B cell lym-
phomagenesis.
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In this issue of Immunity, two studies define new roles for E proteins in thymocyte development.
Agata et al. (2007) show a new role in beta selection; Jones and Zhuang (2007) demonstrate a role
in positive selection.The four E proteins (E12, E47, E2-2,
and HEB) are widely expressed basic
helix-loop-helix proteins that bind to
a canonical site (CANNTG) in DNA as
homo- and heterodimers, where they
can either activate or repress gene ex-
pression. The E12 and E47 molecules
were originally identified as proteins
that could bind to the immunoglobulin
enhancer, and E12 and E47 are splice
variants of a single gene (Tcfe2a) that
is a common breakpoint in B cell acute
lymphoblastic leukemia translocations
(Mellentin et al., 1989). Consistent with
these observations, deletion of Tcfe2a
in mice by gene targeting results in
a complete block early in B cell devel-opment (Bain et al., 1994). These re-
sults solidified the critical role of E pro-
teins in B cell development. However,
in what is perhaps a more surprising
result, the E2A- (encompassing both
E12 and E47) deficient mice also
develop spontaneous T cell leukemias
at an early age, and these leukemic
cells have the phenotype of immature
thymocytes (Bain et al., 1997). This ob-
servation has led to numerous fruitful
investigations regarding the role of
E proteins in thymocyte development.
There is a clear role for E proteins in
the very early stages of thymocyte
development because reduction in
E protein activity limits the maturationImmunity 27,of early thymocytes, and E2A also pro-
motes Tcrg and Tcrd gene rearrange-
ment (Murre, 2005). Beyond these ef-
fects, E proteins seem to play a major
role in maintaining the phenotype of
the double negative 3 (DN3) thymocyte
population. DN3 cells are positioned
just upstream of a bottleneck in thy-
mocyte development. Development
beyond the DN3 stage requires ex-
pression of a pre-T cell receptor (pre-
TCR), composed of the invariant pre-
Ta chain and the rearranged TCRb
chain. Thus, development beyond the
DN3 stage requires successful re-
arrangement of TCRb (b selection).
Once the pre-TCR is formed, the DN3December 2007 ª2007 Elsevier Inc. 827
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PreviewsFigure 1. E ProteinsMaintain the Phenotype of DN3 and DP Cells and Enforce the b-Selection and Positive-Selection Checkpoints
E protein DNA-binding activity is high in DN3 and DP thymocytes. This activity is reduced in response to both pre-TCR and TCR signals. Gene-target-
ing experiments have shown that DN3 and DP cells can proceed past the b-selection and positive-selection checkpoints in the absence of pre-TCR
and TCR signaling if E protein activity is reduced. The figure delineates some of the processes and genes that are controlled by E proteins at the
indicated stages of thymocyte development.cells quickly differentiate into CD4 and
CD8 double positive (DP) cells and un-
dergo several rounds of proliferation.
E proteins have multiple roles in DN3
cells (Figure 1) and are known to en-
hance the expression of pre-Ta and
to prevent proliferation (Engel and
Murre, 2004). Pre-TCR signals reduce
E protein activity and expression, and
this allows differentiation of thymo-
cytes to the DP stage accompanied
by several rounds of cell division. Thus,
E proteins enforce the b-selection
checkpoint.
In this issue of Immunity, Agata et al.
(2007) reveal yet another role for E47 in
defining the phenotype of DN3 cells.
By using day 15 fetal thymocytes,
they show that TCRb rearrangement
is partially reduced in E47+/D (single
allele E47 exon deletion) mice and
greatly reduced in E47D/D mice. The
E47+/D thymocytes have reduced
amounts of E47 protein and reduced
E box DNA-binding activity compared
to those of E47+/+ mice. Thus, TCRb
gene rearrangement is sensitive to
the amount of E protein in the thymus.
Agata et al. (2007) then hypothesize
that E47 is controlling the accessibility
of the TCRb locus. This was tested by
the evaluation of the Vb germline tran-828 Immunity 27, December 2007 ª2007scripts and histone H3 acetylation
in E47+/+, E47+/D, and E47D/D thymo-
cytes. The germline transcripts and
histone H3 acetylation at individual
Vb genes were progressively reduced
with declining E47 expression. Thus,
E47 regulates the accessibility of the
TCR Vb loci.
E47 appears to do this by binding di-
rectly to sites in multiple Vb genes. By
using chromatin immunoprecipitation
(ChIP)-on-chip analysis, they looked
at E protein binding across the TCRb
locus and found binding in the proxim-
ity of multiple Vb genes. By using ChIP,
they also found that the histone acetyl-
transferase CBP was bound to these
same Vb genes, consistent with the
known ability of E proteins to recruit
CBP-p300. Amimic of pre-TCR signal-
ing (anti-CD3 injection into Rag2/
mice) resulted in reduced E protein
and CBP-p300 binding and reduced
histone acetylation at the Vb genes.
The authors therefore propose that
pre-TCR signaling decreases E protein
DNA-binding activity and dissociates
E proteins from Vb genes. Pre-TCR
signaling therefore acts as a feedback
enforcer of allelic exclusion by limiting
accessibility of the Vb genes. Consis-
tent with this interpretation, the au-Elsevier Inc.thors show that enforced expression
of E47 in TCR transgenic thymocytes
greatly increases theamount of endog-
enous TCR Vb-DJb rearrangements.
In addition to regulating b selection,
E proteins have also been implicated in
controlling later stages of thymocyte
development. Positive selection of
thymocytes requires rearrangement
and expression of both the TCRb and
TCRa chains and that the ab TCR
heterodimer have a low-affinity recog-
nition of self-peptides presented by
MHC molecules. This type of ligand
binding transduces signals to DP thy-
mocytes that result in rescue from
cell death and differentiation into ma-
ture CD4 or CD8 single-positive thy-
mocytes. E2A-deficient thymocytes
have an increased percentage of ma-
ture thymocytes (Bain et al., 1999),
and Id3-deficient mice have impaired
positive selection (Rivera et al., 2000).
Id3 is a negative regulator of E protein
activity that is induced by TCR signals
in DP thymocytes. The implication is
that Id3 might be necessary to de-
crease E protein activity in response
to positive-selection signals. These
results suggest that E proteins might
enforce the positive-selection check-
point in a manner similar to the way
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checkpoint.
Another study in this issue of Immu-
nity by Jones and Zhuang (2007)
demonstrates that E proteins do in-
deed enforce the positive-selection
checkpoint. Previous evaluation of
E proteins in positive selection looked
at E2A- and E47-deficient mice and
found higher percentages and faster
production of mature thymocytes; but
in these mice, the production of
mature cells still required the proper
MHC-peptide interactions (Bain et al.,
1999). In these studies, HEB expres-
sion was still intact and might have
been sufficient to mediate some con-
trol of positive selection. Thus, the im-
portance of E protein inhibition in pos-
itive selection was not clear, and it was
not known whether the E proteins
played an important role in DP thymo-
cytes prior to TCR signaling.
These issues have been addressed
by Jones and Zhuang (2007) through
the use of conditional deletion of both
E2A and HEB. Mice bearing floxed
alleles of E2A and HEB were crossed
to CD4Cre transgenic mice so that
E2A and HEB could be deleted at the
DP stage of thymocyte development.
The mice have normal-sized thymuses
but a sharp decrease in the percent-
age of CD4SP cells and a dramatic in-
crease in the percentage of CD8SP
cells. This abundance of CD8+ T cells
is also apparent in the periphery, and
many of the peripheral CD8+ T cells
do not express the TCR. These TCR-
negative CD8 cells look like naive
resting T cells when several surface
markers are examined and respond
to PMA and ionomycin stimulation by
making interferon-g. These TCR-neg-
ative CD8+ T cells do not have func-
tional TCRa rearrangements and can
be generated on a TCRa enhancer-
deficient background, indicating thatTCRa rearrangements are not required
for their generation. The conclusion
is that lack of E2A and HEB activity
results in differentiation to mature
CD8+ T cells in the absence of TCR
signals.
The authors went on to examine
how much of the DP thymocyte phe-
notype is maintained by E2A and
HEBactivity. By usingmicroarray anal-
ysis of purified DP thymocytes, they
found that genes known to be highly
expressed in DP cells were downregu-
lated by Cre-mediated deletion of E2A
and HEB. The microarray analysis also
showed that many genes that normally
are induced by positive selection were
elevated in preselection DP cells in
E2A- and HEB-deficient thymuses
(Figure 1). These results show that
E proteins maintain the DP thymocyte
phenotype until their activity is re-
duced by TCR signaling. Without the
E proteins, an alteration in the program
of gene expression occurs, leading to
differentiation into mature T cells.
A key feature of the results of Jones
and Zhuang (2007) is that they only ob-
serve TCR-negative CD8+ cells and do
not see the same effect on CD4+ cells.
In fact, the differentiation of cells into
the CD4 lineage is greatly reduced in
thymuses lacking both E2A and HEB.
Adherents of particular models of thy-
mocyte lineage divergence are likely
to see evidence for their own model
in these results, and this study is not
likely to resolve the long-standing
issue of thymocyte lineage commit-
ment. However, these data do suggest
that loss of E protein activity is suffi-
cient for CD8 development, whereas
CD4 development requires additional
signals. Whether commitment to the
CD8 lineage is fast enough in these
mice to preclude commitment to the
CD4 lineage or whether the additional
signals for CD4 lineage commitmentImmunity 27,require E protein expression in DP
cells remains to be determined.
Another outstanding issue that is likely
to be addressed with these mice is the
role of E proteins in negative selection.
Together, these two papers demon-
strate that E proteins are critical for
enforcing two major checkpoints
in thymocyte development. Although
the requirements for thymocytes to
make it through b selection and posi-
tive selection are quite distinct and
the outcomes of the two processes
are very different, the two checkpoints
both require reduction in E protein
activity for thymocytes to make it
through. The versatility of the E pro-
teins allows a common signaling path-
way to secure two very distinct check-
points and ensure a functional T cell
repertoire.
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